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Abstract
7KHHJJVRIWKHVWRUHGJUDLQSHVWV Tribolium castaneum +HUEVW T. confusum 'XYDO&ROHRSWHUD
7HQHEULRQLGDHDQG Cadra cautella :DONHU/HSLGRSWHUD3\UDOLGDHEHORQJLQJWRWKUHHDJHJURXSV
DQGGD\VROGZHUHH[SRVHGWRXOWUDYLROHW89UDGLDWLRQZLWKQPZDYHOHQJWK89&IRU
GLIIHUHQWGXUDWLRQVWRGHWHUPLQHLUUDGLDWLRQHIIHFWVRQHJJKDWFKLQJDQGDGXOWHPHUJHQFH$QLQFUHDVH
LQWLPHRIH[SRVXUHWR89UD\VFDXVHGDJUDGXDOGHFUHDVHLQWKHSHUFHQWDJHRIKDWFKLQJRIHJJVLQDOODJH
JURXSVRIHJJV1RKDWFKLQJRFFXUUHGDIWHUPLQXWHVRIH[SRVXUHLQDQGGD\ROGHJJVRI T.
confusum. C. cautella HJJVZHUHOHVVVHQVLWLYHWR89UD\VWKDQZHUH T. castaneum DQG T. confusum
HJJV$OOWKHH[SRVXUHSHULRGVVLJQLILFDQWO\UHGXFHGWKHHFORVLRQRIDGXOWVLQDOOWKHH[SHULPHQWDOLQVHFWV
1RDGXOWVHPHUJHGZKHQGD\ROGHJJVRI T. castaneum ZHUHLUUDGLDWHGIRURUPLQXWHVRUIURP
DQGGD\ROGHJJV T. confusum LUUDGLDWHGIRURUPLQXWHV
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7KH SUHVHQFH RI LQVHFWV LQ VWRUHG SURGXFWV UHVXOWV
LQ ERWK FRQWDPLQDWLRQ DQG VXEVWDQWLDO HFRQRPLF
GDPDJH GXH WR WKH ORVV RI WKH SURGXFWV DQG D
GHFUHDVH RI QXWULWLRQDO YDOXH :LOEXU DQG 0LOOV
 %XUNKROGHU DQG )DXVWLQL  )XPLJDQWV
DQG RWKHU FKHPLFDO LQVHFWLFLGHV DUH ZLGHO\ XVHG WR
SURWHFW VWRUHG FRPPRGLWLHV IURP LQVHFW
LQIHVWDWLRQV DQG FRQWDPLQDWLRQ EXW WKHLU XVH OHDGV
WR SUREOHP RI XQGHVLUDEOH UHVLGXHV $QRQ 
 0HQVDK HW DO  DQG GHYHORSPHQW RI
UHVLVWDQFH LQ FHUWDLQ LQVHFW VSHFLHV &KDPS DQG
'\WH   =HWWOHU  6DOHHP DQG
6KDNRRUL   0RUHRYHU WKH LQMXGLFLRXV
XVH RI V\QWKHWLF SHVWLFLGHV DQG LWV FRQFRPLWDQW
LPSDFW RQ HQYLURQPHQW KDV QHFHVVLWDWHG
H[SORUDWLRQ IRU DOWHUQDWLYH QRQWR[LF SHVW FRQWURO
PHWKRGV ,UUDGLDWLRQ KDV EHFRPH DQ HVWDEOLVKHG
WHFKQLTXH IRU FRQWUROOLQJ VWRUHG JUDLQ LQVHFWV
EHFDXVH RI UHVLGXH IUHH DGYDQWDJHV RYHU FKHPLFDO
IXPLJDWLRQ 7XQFELOHN  3V]F]ROD 
GHPRQVWUDWHG WKH DFFHSWDELOLW\ RI LUUDGLDWLRQ
WHFKQRORJ\ DV DQ DOWHUQDWLYH WUHDWPHQW IRU IRRG
SURWHFWLRQ EHFDXVH LUUDGLDWLRQ FDQ H[WHQG WKH
VKHOI OLIH RI YDULRXV IUXLWV DQG YHJHWDEOHV DQG
PDLQWDLQ WKH TXDOLW\ RI WKH SURGXFW RYHU D ORQJHU
SHULRG RI WLPH ,UUDGLDWHG IRRGV PD\ EH PRUH
DFFHSWDEOH WR WKRVH VHQVLWLYH WR FKHPLFDO
WUHDWPHQWV 3V]F]ROD  +DVDQ DQG .KDQ
 PHQWLRQHG WKDW LUUDGLDWLRQ GRHV QRW
VLJQLILFDQWO\ FKDQJH WKH TXDOLW\ RI WKH IRRG
PDWHULDO RU VWRUHG VHHGV *HQHUDOO\ LRQL]LQJ
UDGLDWLRQ VXFK DV JDPPD UD\V DQG ;UD\V DUH XVHG
IRU WKH GLVLQIHVWDWLRQV RI EXON JUDLQV XQGHU
VWRUDJH FRQGLWLRQV 7UHDWPHQW ZLWK 89UDGLDWLRQ
KDV REYLRXVO\ OHVV SHQHWUDWLQJ HIIHFW WKDQ LRQL]LQJ
UDGLDWLRQV DQG WKHUHIRUH KDV OLPLWHG XVH IRU EXON
JUDLQV +RZHYHU WKH UHVXOWV KDYH WKHRUHWLFDO
YDOXH DQG 89UDGLDWLRQ FDQ EH XVHG IRU WKH
WUHDWPHQW RI VPDOO DPRXQWV RI JUDLQV LQWHQGHG IRU
KRXVHKROGXVH
7KH 8OWUDYLROHW 89 SRUWLRQ RI WKH VSHFWUXP LV
ZLGHO\ XVHG DV JHUPLFLGH DQG DV DQ DWWUDFWDQW IRU
LQVHFWV %UXFH  LQ HPEU\RORJLFDO
SK\VLRORJLFDO VWXGLHV %RGHQVWHLQ  DQG IRU
WKH VXUIDFH GLVLQIHFWLRQ RI LQVHFW HJJV *XHUUD HW
DO  $ QXPEHU RI LQYHVWLJDWRUV KDYH
FRQVLGHUHG WKH SRVVLELOLW\ RI XVLQJ 89UD\V WR
FRQWURO RU DW OHDVW WR VXSSUHVV GHYHORSPHQW RI
YDULRXV VSHFLHV RI VWRUHG SURGXFWV LQVHFWV
&DOGHURQ DQG 1DYDUUR  &DOGHURQ HW DO 
)DUXNL DQG .KDQ  6KDUPD DQG 'ZLYHGL 
)DUXNL )DUXNLHWDO
7\SLFDOO\ WKH HPEU\RQLF VWDJH RI DQ DQLPDO LV D
SHULRG RI KLJKHU UDGLR VHQVLWLYLW\ DQG LQVHFWV DUH
QR H[FHSWLRQ 7LOWRQ DQG %URZHU  7KH
UXVWUHG IORXU EHHWOH Tribolium castaneum
+HUEVW WKH FRQIXVHG IORXU EHHWOH T. confusum
GX9DO DQG WKH DOPRQG PRWK Cadra cautella
:DONHU DOVR NQRZQ DV WKH WURSLFDO ZDUHKRXVH
PRWK DUH PDMRU VWRUDJH SHVWV 7KH SUHVHQW
LQYHVWLJDWLRQ ZDV WKHUHIRUH DLPHG DW
GHWHUPLQLQJ WKH HIIHFWV RI 89UD\V 89& RQ
KDWFKLQJ DQG DGXOW HPHUJHQFH LQ T. castaneum, T.
confusum DQG C. cautella HJJVRIYDULRXVDJHV
Materials and Methods
Sources and rearing of test insects
T. castaneum ZDV RULJLQDOO\ UHFHLYHG IURP WKH
3HVW ,QIHVWDWLRQ &RQWURO /DERUDWRU\ 6ORXJK
(QJODQG DQG T. confusum ZDV REWDLQHG IURP WKH
)RRG (QWRPRORJ\ /DERUDWRU\ 1DWLRQDO )RRG
5HVHDUFK ,QVWLWXWH 7VXNXED -DSDQ 7KH\ ZHUH
FXOWXUHG IRU D IHZ \HDUV LQ WKH ,QVHFW 5HVHDUFK
/DERUDWRU\ 'HSDUWPHQW RI =RRORJ\ 8QLYHUVLW\ RI
5DMVKDKL RQ D UHDULQJ PHGLXP FRQWDLQLQJ
ZKROHZKHDW IORXU DQG %UHZHU¶V \HDVW  C.
cautella ZDV FROOHFWHG IURP D *RYHUQPHQW
:DUHKRXVH DW 5DMVKDKL DV ODUYDH DQG UHDUHG RQ
JURXQGQXWNHUQHOVArachis hypogaea /
Egg production, collection and sorting of
eggs
7KH HJJV RI Tribolium VSS ZHUH FROOHFWHG E\
SODFLQJ ODUJH QXPEHUV RI EHHWOHV RQ WKH UHDULQJ
PHGLXP 2Q WKH IROORZLQJ GD\ WKH FXOWXUH
PHGLXP ZDV VLHYHG WR VHSDUDWH WKH DGXOWV DQG
HJJV WKDW ZHUH  GD\ROG 7KH HJJV ZHUH NHSW LQ
3HWUL GLVKHV WR REWDLQ WKH HJJV RI  DQG  GD\ROG
HJJV
)RU FROOHFWLQJ WKH HJJV RI C. cautella D QXPEHU RI
KHDOWK\ SXSDH ZHUH VH[HG DQG NHSW LQ EHDNHUV
XQWLO DGXOW HFORVLRQ )UHVKO\ HPHUJHG PRWKV ZHUH
DOORZHG WR PDWH DQG SODFHG LQ EHDNHUV IRU
RYLSRVLWLRQ $ SLHFH RI KDUG ZKLWH SDSHU ZDV
LQVHUWHG LQVLGH WKH EHDNHU IRU UHVWLQJ RI WKH DGXOWV
DQG WKH WRS RI WKH EHDNHU ZDV FRYHUHG ZLWK D
QHWWHG FORWK 7KH EHDNHUV ZLWK PRWKV ZHUH
LQYHUWHG RYHU 3HWUL GLVKHV IRU DQ HDV\ FROOHFWLRQ RI
WKH HJJV 2Q WKH IROORZLQJ GD\  GD\ROG HJJV ZHUH
FROOHFWHG 6RPH RI WKHVH HJJV ZHUH NHSW LQ 3HWUL
GLVKHVWRREWDLQDQGGD\ROGHJJV
7KH LQFXEDWLRQ SHULRG RI WKH HJJV RI T. castaneum
DQG T. confusum YDULHV IURP ± GD\V DQG RI C.
cautella IURP±GD\VDW&
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 1+DWFKLQJRI89LUUDGLDWHGHJJVRIWKUHHVWRUHGSURGXFWVLQVHFWV
Ages of eggs (days)
1 2 day 3 day
Pest species Exposure period (min) Mean ± SEM reduction* Mean ± SEM reduction* Mean ± SEM reduction*
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C. cautella
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UHGXFWLRQRYHUWKHFRQWUROV
0HDQVIROORZHGE\WKHVDPHOHWWHULQHDFKFROXPQRIHDFKVSHFLHVDUHQRWVLJQLILFDQWO\GLIIHUHQWDW3E\
7XNH\
VPXOWLSOHFRPSDULVRQWHVW
6(06WDQGDUGHUURURIWKHPHDQ
UV-irradiation technique of eggs
7KH DLP RI WKHVH H[SHULPHQWV ZDV WR GHWHUPLQH
DJHVSHFLILF UHVLVWDQFH RI WKH GHYHORSLQJ HJJV WR
89LUUDGLDWLRQ 7KH H[SHULPHQWV ZHUH FRQGXFWHG
DW D PHDQ URRP WHPSHUDWXUH RI    & XQGHU
DQ LOOXPLQDWLRQ RI WZR : IOXRUHVFHQW EXOEV ZLWK
D SKRWRSHULRG RI  /' ZLWKRXW DQ\ KXPLGLW\
FRQWURO
$ : 89 JHUPLFLGDO ODPS *(7)* %RGH 	
&R *PEK ZZZRSWLNHUERGHGH PHDVXULQJ 
FP [  FP HPLWWLQJ DW D ZDYHOHQJWK RI QP
89& ZDV RQO\ WKH VRXUFH RI LUUDGLDWLRQ 'XULQJ
LUUDGLDWLRQ WKH URRP ZDV LOOXPLQDWHG ZLWK WZR
: IOXRUHVFHQW EXOEV )RU LUUDGLDWLRQ RI T.
castaneum DQG T. confusum, HJJV LQ D 3HWUL GLVK
FP ZHUH SODFHG RQ D VXUIDFH  FP F P
IURP WKH ODPS (JJV ZHUH LUUDGLDWHG IRr    
RU  PLQXWHV ([SRVXUH SHULRG ZDV GHWHUPLQHG
XVLQJ D VWRSZDWFK $W WKH HQG RI WKH H[SRVXUH
SHULRG WKH 89ODPS ZDV WXUQHG RII DQG WKH 3HWUL
GLVKHV ZHUH UHPRYHG LPPHGLDWHO\ $IWHU
H[SRVXUH WKH LUUDGLDWHG DQG QRQLUUDGLDWHG
FRQWURO HJJV RI GLIIHUHQW DJH JURXSV ZHUH NHSW
VHSDUDWHO\ DW    & XQWLO KDWFKLQJ 1HRQDWH
ODUYDH IURP ERWK LUUDGLDWHG DQG QRQLUUDGLDWHG
HJJV ZHUH WUDQVIHUUHG WR SODVWLF FRQWDLQHUV ZLWK
UHDULQJ PHGLXP WR REVHUYH DGXOW HFORVLRQ 7KH
H[SHULPHQW ZDV UHSOLFDWHG  WLPHV ZLWK  HJJV
IRU HDFK H[SRVXUH SHULRG DQG DQ HTXDO QXPEHU RI
QRQLUUDGLDWHG HJJV ZHUH UDLVHG DV FRQWUROV IRU
HDFKDJHJURXS
C. cautella HJJV RI GHVLUHG DJHV ZHUH LUUDGLDWHG
VLPLODU WR WKH SURFHGXUH RI Tribolium HJJV (JJV
RI GLIIHUHQW DJHV DQG H[SRVXUH SHULRGV HLWKHU
LUUDGLDWHG DQGRU QRQLUUDGLDWHG ZHUH NHSW LQ
VHSDUDWH SLHFHV RI EODFN DGKHVLYH WDSH WR REVHUYH
KDWFKLQJ 7KH EODFN WDSH ZDV XVHG WR SUHYHQW WKH
KDWFKHG ODUYDH IURP FUDZOLQJ DZD\ 7R REVHUYH
WKH HPHUJHQFH RI DGXOWV HJJV ZHUH NHSW LQ
VHSDUDWH 3HWUL GLVKHV ZLWK JURXQGQXW NHUQHOV XQWLO
DGXOW HFORVLRQ $OO WKH H[SHULPHQWV LQFOXGLQJ
FRQWUROV IRU HDFK DJH JURXS ZHUH UHSOLFDWHG 
WLPHVZLWKHJJVHDFK
Data and statistical analyses
'DWD ZHUH DQDO\]HG E\ )DFWRULDO DQDO\VLV RI
YDULDQFH $129$ XVLQJ 0LQLWDE ,QF DQG D
FRPSDULVRQ WHVW ZDV GRQH EHWZHHQ PHDQV RI
FRQWURO DQG H[SRVXUH SHULRGV E\ 7XNH\¶V WHVW RI
PXOWLSOH FRPSDULVRQV  7KH SHUFHQW
UHGXFWLRQ LQ KDWFKLQJ RI HJJV LQ FRPSDULVRQ WR
FRQWURO ZDV FDOFXODWHG XVLQJ WKH IRUPXOD 3HUFHQW
UHGXFWLRQ   ;
ï ±;
ï;
ï [  ZKHUH ;
ï  
PHDQ KDWFKLQJ RI FRQWURO HJJV DQG ;
ï   PHDQ
KDWFKLQJ RI LUUDGLDWHG HJJV 7KH DGXOW UHFRYHU\
 ZDV DOVR DQDO\]HG E\ FRPSXWLQJ VWDQGDUGL]HG
QRUPDO GHYLDWH YDOXHV G WKH GLIIHUHQFH EHWZHHQ
WKH PHDQ DQG WKH YDOXH RI LQWHUHVW GLYLGHG E\ WKH
VWDQGDUG GHYLDWLRQ IRU GHWHUPLQLQJ WKH
GLIIHUHQFHV LQ SDUDPHWHUV KDYLQJ ELQRPLDO
GLVWULEXWLRQ
Results
Effect on hatching
,W ZDV IRXQG WKDW 89LUUDGLDWLRQ UHGXFHG
KDWFKLQJ RI HJJV RI DOO DJH JURXSV WKH HIIHFW
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9RO_$UWLFOH Table 2$GXOWHPHUJHQFHIURP89LUUDGLDWHGHJJVRIWKUHHVWRUHGSURGXFWVLQVHFWV
Ages of eggs (days)
1 2 day 3 day
Pest species Exposure period (min) Mean ± SEM d-value* Mean ± SEM d-value* Mean ± SEM d-value*
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C. cautella
 F  F  E 
0HDQVIROORZHGE\WKHVDPHOHWWHULQHDFKFROXPQRIHDFKVSHFLHVDUHQRWVLJQLILFDQWO\GLIIHUHQWDW3E\
7XNH\
VPXOWLSOHFRPSDULVRQWHVW
6(06WDQGDUGHUURURIWKHPHDQ
G
 VWDQGDUGL]HGQRUPDOGHYLDWH
JUDGXDOO\ LQFUHDVHG ZLWK LQFUHDVLQJ H[SRVXUH
SHULRGV 7DEOH  )DFWRULDO $129$ RQ KDWFKLQJ
RI HJJV VKRZHG WKDW 89UD\V KDG VLJQLILFDQW
HIIHFWV RQ DOO VSHFLHV DQG WKHLU LQWHUDFWLRQV 7DEOH
 $OO H[SRVXUH SHULRGV RI 89UDGLDWLRQ UHGXFHG
WKH KDWFKLQJ RI HJJV LQ FRPSDULVRQ WR FRQWUROV ,W
ZDV REVHUYHG WKDW ROGHU HJJV  DQG  GD\ROG RI
T. castaneum DQG T. confusum ZHUH PRUH
VHQVLWLYH WR 89UD\V WKDQ \RXQJHU HJJV 
GD\ROG 7DEOH  VKRZV WKDW LQ T. castaneum
KDWFKLQJ RI   DQG  GD\ROG HJJV ZHUH UHGXFHG
WR   DQG  UHVSHFWLYHO\ DIWHU  PLQ RI
H[SRVXUH WR 89UDGLDWLRQ +DWFKLQJ ZDV LQKLELWHG
XS WR   DQG  UHVSHFWLYHO\ E\  PLQ
H[SRVXUH RI   DQG  GD\ROG HJJV RI T. confusum
WR 89LUUDGLDWLRQ 2Q WKH RWKHU KDQG LQ C.
cautella WKH \RXQJHU HJJV  DQG  GD\ROG ZHUH
PRUH VHQVLWLYH WR 89UD\V WKDQ ROGHU HJJV 
GD\ROG 7DEOH  7KH  GD\ROG HJJV RI T.
castaneum ZHUH OHVV VHQVLWLYH WR LUUDGLDWLRQ WKDQ
 GD\ROG HJJV EXW WKH  GD\ROG HJJV RI T.
confusum DQG C. cautella ZHUH PRUH VHQVLWLYH $W
DOO DJHV DQG H[SRVXUH SHULRGV C. cautella HJJV
ZHUH OHVV VHQVLWLYH WR 89UD\V WKDQ ZHUH T.
castaneum DQG T. confusum HJJV7DEOH
Effect on adult emergence
$GXOW HFORVLRQ IURP 89LUUDGLDWHG HJJV RI T.
castaneum, T. confusum and C. cautella
JUDGXDOO\ GHFUHDVHG DV WKH GXUDWLRQ RI H[SRVXUH WR
UDGLDWLRQ LQFUHDVHG 7DEOH  9HU\ IHZ DGXOWV
HPHUJHG IURP  GD\ROG HJJV RI T. castaneum DQG
QR DGXOWV GHYHORSHG IURP  GD\ROG HJJV RI T.
castaneum DQG  DQG  GD\ROG HJJV RI T.
confusum DIWHU  DQG  PLQXWHV RI H[SRVXUH WR
89 ,Q C. cautella,  GD\ROG HJJV ZHUH PRVW
DIIHFWHG E\ H[SRVXUH WR 89 IRU  PLQXWHV
6WDWLVWLFDO DQDO\VHV VKRZHG WKDW H[SRVXUH SHULRGV
WR 89LUUDGLDWLRQ VLJQLILFDQWO\ UHGXFHG DGXOW
HPHUJHQFH EXW WKHUH ZHUH QR VLJQLILFDQW
GLIIHUHQFHV EHWZHHQ WKH VSHFLHV LQ DGXOW
HPHUJHQFHIROORZLQJLUUDGLDWLRQ7DEOH
Discussion
$ VLJQLILFDQW UHGXFWLRQ LQ HJJ KDWFKLQJ DV ZHOO DV
LQ DGXOW HPHUJHQFH RI WKUHH H[SHULPHQWDO VWRUDJH
LQVHFWV ZDV REVHUYHG ZKHQ HJJV RI GLIIHUHQW DJHV
ZHUH H[SRVHG WR 89 LUUDGLDWLRQ 7KH UHVXOWV DOVR
VKRZHG WKDW WKH \RXQJHU HJJV RI Tribolium VSS
DQG C. cautella ZHUH PRUH VHQVLWLYH WR 89UD\V
WKDQ ROGHU RQHV WKDW FRQWUDVW ZLWK WKH ILQGLQJV RI
&DOGHURQ DQG 1DYDUUR  ZKR REVHUYHG WKDW
ROGHU HJJV RI Ephestia  Cadra) cautella ZHUH
KLJKO\ VHQVLWLYH WR 89UD\V WKDQ \RXQJHU HJJV
*XHUUD HW DO  UHSRUWHG WKDW ZKHQ HJJV RI
Heliothis virescens DQG H. zea ZHUH H[SRVHG WR
89UD\V RI D VKRUW ZDYHOHQJWK $ WKH
SHUFHQWDJH RI HJJKDWFK ZDV JUDGXDOO\ GHFUHDVHG
ZLWK LQFUHDVLQJ WLPH RI H[SRVXUH DQG QR KDWFK
RFFXUUHG DIWHU DQ H[SRVXUH RI  PLQXWHV )DUXNL
HW DO  UHFRUGHG WKDW WKH IHFXQGLW\ DQG
IHUWLOLW\ RI Alphitobius diaperinus HJJV UHVXOWLQJ
IURP 89LUUDGLDWHG QG DQG UG LQVWDU ODUYDH ZHUH
UHGXFHG VLJQLILFDQWO\ +DVDQ HW DO  REVHUYHG
UHGXFHG IHUWLOLW\ LQ HJJV RI WKH 8]L IO\ Exorista
sorbillans GHYHORSLQJ IURP 89LUUDGLDWHG SXSDH
7KH SUHVHQW UHVXOWV VXSSRUW WKH ILQGLQJ RI %HDUG
 ZKR QRWHG WKDW HJJV RI WKH ,QGLDQPHDO
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 3)DFWRULDO$129$RQKDWFKLQJRIHJJVDQGDGXOWHPHUJHQFHIURP89LUUDGLDWHGHJJVRIWKUHHVWRUHG
SURGXFWVLQVHFWV
F-values for
Source DF hatching of eggs adult emergence
([SRVXUHSHULRGV(3  
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QV QRQVLJQLILFDQW
PRWK Plodia interpunctella WKH ZD[PRWK
Galleria mellonella, WKH ODUJH PLONZHHG EXJ
Oncopeltus fasciatus, DQG ZRUNHU WHUPLWHV ZHUH
UHPDUNDEO\VHQVLWLYHWR89LUUDGLDWLRQ
<DQJ DQG 6DFKHU  LUUDGLDWHG T. castaneum
HJJV RI YDULRXV DJHV ZLWK ;UD\V WR GHWHUPLQH WKH
HIIHFW RI GRVHV DQG DJH RQ KDWFKLQJ 7KH\
UHFRUGHG D GHOD\ LQ GHYHORSPHQW WKDW ZDV
SURSRUWLRQDO WR WKH LUUDGLDWLRQ GRVHV 7KH UHODWLRQ
RI WKH GHOD\ LQ GHYHORSPHQW ZLWK UHVSHFW WR WKH
GRVH ZDV OLQHDU DW DOO DJHV 4XUDLVKL DQG 0DWLQ
 VXJJHVWHG WKDW WKH VHQVLWLYLW\ RI HJJV RI WKH
SXOVH EHHWOH Callosobruchus chinensisW R
UDGLRLVRWRSHV GLIIHUHG DW GLIIHUHQW VWDJHV RI WKHLU
GHYHORSPHQW 7KH ZRUN RI 6HLGHO HW DO  PD\
JLYH D SRVVLEOH H[SODQDWLRQ RI KLJKHU VHQVLWLYLW\ RI
WKH ROGHU HJJV WR 89UD\V WKDQ WKH \RXQJHU HJJV
7KH\ IRXQG WKDW GXULQJ HDUO\ HPEU\RQLF
RUJDQL]DWLRQ LQMXU\ WR WKH SHULSKHUDO SDUWV RI WKH
HJJV E\ 89H[SRVXUH GLG QRW LPSHGH WKH YLDELOLW\
RI WKH DFWLYDWLRQ FHQWUH $V GHYHORSPHQW SURFHHGV
WKH HPEU\RQLF UHJLRQV EHFDPH PRUH VSHFLDOL]HG
DQG GLIIHUHQW RUJDQ ILHOGV FDQ QR ORQJHU UHSODFH
HDFK RWKHU 7KXV GDPDJLQJ RI WKH VXUIDFH WLVVXH
RI WKH HJJV FDQ EH IDWDO DW WKH DGYDQFHG VWDJHV RI
GHYHORSPHQW E\ QRQSHQHWUDWLQJ UDGLDWLRQV OLNH
89UD\V
6LPLODU UHGXFWLRQ LQ DGXOW HFORVLRQ ZDV UHSRUWHG
E\ +DVDQ HW DO  ZRUNLQJ ZLWK 89LUUDGLDWHG
SXSDH RI E. sorbillans 7KH SUHVHQW ILQGLQJV DUH
DOVR VLPLODU WR WKH ILQGLQJV RI %HDUG  ZKR
UHSRUWHG WKDW DGXOW HPHUJHQFH ZDV SURJUHVVLYHO\
GHFUHDVHG E\ KLJKHU GRVHV ZKHQ ODWH VWDJH ODUYDH
RI P. interpunctella ZHUH LUUDGLDWHG ZLWK 89UD\V
$GXOW HPHUJHQFH ZDV VLJQLILFDQWO\ GHFUHDVHG
ZKHQ ODUYDH RI T. castaneum )DUXNL  DQG
A. diaperinus )DUXNL HW DO  ZHUH H[SRVHG WR
89LUUDGLDWLRQ :KHQDGXOW C. chinensis 6KDUPD
DQG 'ZLYHGL  DQG SXSDH RI A. diaperinus
3DUZHHQ HW DO  ZHUH H[SRVHG WR
89LUUDGLDWLRQ WKH SURGXFWLRQ RI DGXOW SURJHQ\
ZDVJUDGXDOO\UHGXFHG
7KH VLJQLILFDQWO\ UHGXFHG KDWFKLQJ DQG DGXOW
HPHUJHQFH FDXVHG E\ 89LUUDGLDWLRQ LQ WKH
H[SHULPHQWDO SHVWV LV SURPLVLQJ IURP SHVW
PDQDJHPHQW SRLQW RI YLHZ ,W PD\ EH FRQFOXGHG
WKDW LUUDGLDWLRQ LV D YHU\ VDIH DQG FOHDQ PHWKRG
IRU IRRG SUHVHUYDWLRQ DQG SHVW FRQWURO +RZHYHU
PXFKPRUHFRPSUHKHQVLYHUHVHDUFKLVQHHGHG
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